In Zantedeschia rehmannii Engl. tuber storage at 1-5°C for 30 days is suitable for breaking dormancy, and a temperature of 10°C is suitable for flower bud initiation. Thus, effects of the combination of 1°C and 10°C during tuber storage on growth and flowering were investigated. Tubers which were not given low temperature (<15°C) were stored for 50 days. Initial storage temperature was either 1°C or 10°C, and tubers were moved to alternate temperatures 10, 20, 30, and 40 days after storage. There were no significant differences among treatments in days to emergence, although days to flowering of plants stored at 10°C 20 days followed by 1°C 30 days were shorter than those of other treatments. Storage temperature and duration had no significant effect on anthocyanin content, cut flower weight, malformed flower percentage, cut flower length, and bract length. Percentage of flowering and number of flowers per plant decreased as storage duration at 10°C decreased. Flower production increased remarkably in plants stored at 1°C for 10 days followed by 10°C for 40 days and at 1°C for 20 days followed by 10°C for 30 days because secondary flowers were harvested. It is thought that dormancy is broken at any temperature for 50 days, however, storage at 10°C for >30 days is suitable for increase in flowering. Our results suggest that tuber storage at 1°C then 10°C may be desirable when Z. rehmannii is forced in summer.
INTRODUCTION
Zantedeschia is native to South Africa. Species and hybrids of Zantedeschia are popular as potted flowering plants and cut flowers. In Japan, Z. rehmannii usually flowers from spring to summer. Thus year round production of potted plants and cut flower is desirable.
To extend the length of flowering season, it would be important to understand flowering habits. However, little information on suitable temperature for breaking of dormancy or flower initiation is available. There are several views about effective temperature and duration although it is said that low temperature is effective in breaking of dormancy and flower induction (Jierwiriyipant and Tjia, 1988; Corr and Widmer, 1988) . We thought to vary the amounts of low temperature encountered. Then, effective temperature in both breaking of dormancy and flower induction was investigated using tubers grown at >15°C in the greenhouse. It was shown clearly that 1°C and 10°C storage are suitable for breaking of dormancy and flower bud initiation, respectively (Kawajiri, 1997) . Therefore, when tubers are planted at a high temperature period, it was considered that a combination of 1°C and 10°C during storage may enhance flowering.
The objective of this study was to determine the effects of combinations of storage temperature and duration on growth and flowering of Z. rehmannii.
MATERIALS AND METHODS
Z. rehmannii cultivar Carminea tubers grown at a minimum temperature of 15°C were lifted on August 5, 1994 and dried at ambient temperature. Storage was done for 50 days from August 12. Initial storage temperature was either 1°C or 10°C (in darkness), and tubers were moved to the alternate temperature after 10, 20, 30, or 40 days. An outline of 274 treatment is shown in Table 1 . Tuber weights before and after storage were collected. For each treatment, eight tubers were planted in 40-liter containers (60 cm x 36 cm x depth 18 cm) containing sandy loam soil on October 1 at the end of storage. Plants were grown in a greenhouse maintained in a minimum air temperature 15°C and vented at 30°C. Days to emergence and flowering were recorded. The cut flowers were harvested and the flower stalk length, flower length, cut flower weight, number of malformed flowers, and anthocyanin content of the spathe were measured. Anthocyanin content was measured as follows. Three spathe sections stamped out by cork bore (diameter 19 mm) were extracted in 10 ml methnol solution included 1% HCl. After 24 hours the extraction ABS (wavelength 530 nm) was measured using a spectrophotometer.
RESULTS
There was no effect of combination of storage temperature and duration on tuber weight decrease rate (Table 2 ). There were no significant differences among treatments in days to emergence (Fig. 1 ). This fact indicated that dormancy was broken at 1°C or 10°C storage for 50 days. Storage temperature and duration had no significant effect on leaf number (data not shown).
There was little effect of combination of storage temperature and duration on days to flowering (Fig. 2) . The flowering percentage and number of flowers per plant decreased as initial storage duration at 10°C was reduced ( Table 3 ). Percentage of flowering of plants stored at 1°C for 10 days followed by 10°C for 40 days, 1°C for 20 days followed by 10°C for 30 days and 10°C for 50 days were higher. In contrast, that stored at 10°C for 10 days followed by 1°C for 40 days was very low. Cut flower numbers of plants stored at 1°C for 10 days followed by 10°C for 40 days and at 1°C for 20 days followed by 10°C for 30 days increased remarkably because the secondary flowers were harvested.
Storage temperature and duration had no significant effect on flower stalk length, bract length, cut flower weight and anthocyanin content, and they averaged 52.6 cm, 8.7 cm, 16.7 g, 0.17(ABS), respectively. Malformed flower percentage at 1°C for 20 days followed by 10°C for 30 days was only 5.6%, and that of others was 0%.
DISCUSSION
In this experiment, since there was no effect of combination of storage temperature and duration on days to emergence, it was inferred that dormancy was broken at any storage treatments for 50 days. However, we reported that in 30 days storage day to emergence was shorter as storage temperature was lower, especially 1°C (Kawajiri, 1997). Corr and Widmer (1988) reported that dormancy of tubers dry-stored for >3 weeks were broken at 22°C. Funnell et al. (1988) reported that shoots of tubers lifted in the winter emerged within 10 days of planting, which indicated the absence of tuber dormancy. We found dormancy of Z. rehmannii induced in 13-18 weeks after planting regardless of daylength and was promoted by low temperature (<10°C) (Kawajiri, 1997). Moreover, low temperature (<10°C) was also effective for breaking dormancy (Kawajiri, 1997) . Therefore, differences of dormancy condition of lifted tubers may produce several results. Jierwiriyipant and Tjia (1988) reported that dormancy in Z. elliottiana was not broken in storage at 4°C for 20 weeks. Funnell et al. (1988) reported that Z. rehmannii had a lower optimum storage temperature than Z. elliottiana. Effective temperature for breaking of dormancy may also vary in species.
There was no significant effect of 1°C or 10°C storage on the growth of Z. rehmannii (data not shown). Corr and Widmer (1988) reported the growth of tubers stored at 9°C for 6 weeks was greater than tubers stored at 4°C or 22°C. However, there was little difference between storage at 4°C and 9°C. Storage condition such as humidity may affect these results.
Reducing storage duration at 10°C reduced number of flowers per tuber and percentage of tuber flowering. Storage at 10°C for >30 days is needed for increase in tuber flowering. Dennis et al. (1994) reported that the percentage of malformed flower increased with storage durations beyond 12 weeks. In the current experiment, there was no effect of combination of storage temperature and duration on percentage of malformed flowers. Funnell et al. (1988) reported that increasing the duration of 12°C, 18°C or 24°C storage after 5°C storage reduced percentage of tubers flowering. They did not recommend subsequent storage. However, they used tubers which dormancy was broken completely. Shoots expanded during the storage increased with increasing storage duration at 10°C (Kawajiri, 1997) . Funnell et al. (1988) also reported that no significant effect was detected for 12 weeks storage at 5°C. Kawajiri (1997) reported that tubers stored at 1°C for 15 weeks were available. Therefore, our results suggest that whenever a grower using Z. rehmannii tubers that do not break dormancy is forced from summer to winter, it may be more effective to break dormancy at 1°C initial storage in a short time and subsequent induce flowering at 10°C for >4 weeks. The flowering of Z. rehmannii has been stimulated by gibberellic acid (GA 3 ) (Corr and Widmer, 1987; Tjia, 1987; Funnell et al., 1988 Funnell et al., , 1992 Funnell et al., , 1993 . Combination of GA 3 application technique and our storage methods can increase percentage of tuber flowering and number of flowering per tuber. Fig. 1 . Effect of storage temperature combination and duration on days to emergence of Z. rehmannii. 
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